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Introduction
============

The estimated prevalence of autism spectrum disorders in the United States has dramatically increased from fewer than 5 in 10 000 children in the 1980s to 1 in 88 in 2008.[@ref1] Similar increases have been reported in much of the Western world.[@ref2] Better recognition and more inclusive diagnostic criteria for autism spectrum disorders may explain this rising prevalence, but a real increase in incidence has not been ruled out.[@ref1] Relatively little is known about the causes of autism spectrum disorders and both genetic and environmental factors are implicated.[@ref3] The identification of modifiable environmental risk factors may aid in the primary prevention of some cases.

A recently reported association between use of selective serotonin reuptake inhibitor (SSRI) antidepressants during pregnancy and autism spectrum disorders in offspring has raised the possibility of discovering one such modifiable causal factor.[@ref4] There is increasing interest in the role of the serotonergic system in the pathophysiology of autism, and prenatal exposure to serotonergic agents is a biologically plausible pathway.[@ref5] SSRIs have increasingly been used in the treatment of depression during pregnancy since the 1990s, mirroring the secular rise in the observed prevalence of autism spectrum disorders.[@ref4]

However, an association between SSRI use during pregnancy and autism may not imply a causal relation. An alternative explanation is confounding by indication---the possibility that maternal depression is responsible for the associations observed between SSRIs and autism spectrum disorders in offspring.[@ref4] [@ref5] Although the relation between parental depression and risk of autism spectrum disorders is often assumed to be well established and has a genetic origin,[@ref4] [@ref6] the supporting evidence is relatively weak. Two recent meta-analyses were inconclusive and reported a lack of studies with psychiatric diagnosis of parents before the birth of the child.[@ref7] [@ref8]

In a large population based study in Sweden, we investigated whether maternal or paternal depression identified before the birth of the child is associated with autism spectrum disorders in offspring; whether maternal antidepressant use during pregnancy is associated with autism spectrum disorder in offspring, and, if so, whether this explains any associations between maternal depression and autism; whether any associations between antidepressants and autism are unique to SSRIs or also evident for other antidepressants; and whether all the above associations are similar in offspring with autism with and without comorbid intellectual disability.

Methods
=======

We conducted a case-control study nested within the Stockholm youth cohort, which comprises all young people aged 0 to 17 years, residing in Stockholm County between 2001 and 2007 (n=589 114).[@ref2] The cohort contains prospectively recorded data on the probands and their first degree relatives collected by record linkage with national and regional healthcare, social, and administrative registries using unique national identity numbers assigned to all Swedish residents.[@ref2] [@ref9] [@ref10]

Sweden has a well developed system of publicly funded screening, diagnostic, and follow-up services relevant to autism spectrum disorders, with national and regional registers recording information about diagnosis and other details.[@ref2] Assessments for autism spectrum disorder are typically carried out by child neuropaediatric or mental health services, and, as per local guidelines, include diagnostic evaluations covering the child's social, medical, and developmental history after interviews with the parents, observation of the child, and a structured neuropsychiatric assessment including cognitive testing.[@ref2] [@ref11] We identified children with autism spectrum disorders in the Stockholm youth cohort using a multisource case ascertainment method, with registers covering all pathways of autism diagnosis and care within Stockholm County.[@ref2] Diagnoses recorded in these registers (codes from the international classification of diseases, ninth and 10th revisions, ICD-9 (299) and ICD-10 (F84), respectively, or *Diagnostic and Statistical Manual of Mental Disorders*, fourth edition, (299)) were supplemented by a record of care in specialist centres for autism with and without intellectual disability, where an autism diagnosis and cognitive testing is a prerequisite. We also identified comorbid intellectual disability status using ICD-9 (317-319), ICD-10 (F70-79), and DSM-IV (317-319) in the child or adult mental health registers or the national patient register.[@ref2] As of 31 December 2007, over 5000 cases of autism spectrum disorder have been identified in the Stockholm youth cohort, almost 43% of whom have a comorbid intellectual disability.[@ref2] Two validation procedures---a case note validation study by a consultant child psychiatrist and a neuropaediatrician and a cross validation study with a national twin study---both found a high validity of the diagnoses for autism spectrum disorder recorded in the registers used for case ascertainment.[@ref2]

Figure 1[](#fig1){ref-type="fig"} shows the derivation of the sample for the present analyses. To ensure completeness of diagnostic data for parent and children in the registers we excluded from the study sample those with missing maternal identification numbers, adopted children, those living in Stockholm County for less than four years (thus also excluding all children aged 0-3 years who would be too young to have a reliable diagnosis). In the remaining population of the Stockholm youth cohort, we matched each case of autism spectrum disorder to 10 living controls without autism by date (month and year) of birth and sex (fig 1).

![**Fig 1** Derivation of analytical sample](raid009216.f1_default){#fig1}

Parental history of depression
------------------------------

We identified the psychiatric history of parents using two sources: the Stockholm County adult psychiatric outpatient register, which records the dates and diagnoses for any contact with specialist outpatient psychiatric services in Stockholm County since 1997,[@ref12] and the Swedish national patient register, which contains the dates and discharge diagnoses of all inpatients (since 1973) and specialist outpatients (since 2001, although with incomplete psychiatric outpatient data) in Sweden.[@ref13] Using these sources, we identified mothers and fathers with depression if they had a registered diagnosis of a depressive episode, recurrent depressive disorder, persistent mood disorder, and other or unspecified mood disorder (see supplementary table S1 for ICD codes). To avoid the possibility of reverse causality we considered only diagnoses recorded before the birth of the child participating in the study.

We used two approaches to handle the presence of more than one recorded diagnosis for a parent. In our primary strategy, we used a hierarchy based on ICD-10,[@ref14] adapted for a greater relevance to autism and our research question. This (from higher to lower priority) included schizophrenia or non-affective psychoses or bipolar disorder; neurodevelopmental disorders or personality disorders; alcohol and drug disorders; and depression, anxiety, and somatoform or other disorders (see supplementary table S1 for ICD codes). Depression was therefore coded conservatively, only higher than anxiety or somatoform disorders in case of multiple diagnoses. We grouped other diagnoses into anxiety disorders, psychotic disorders (including schizophrenia and bipolar disorder), and other non-psychotic disorders for use as potential confounders in analysis. In an alternative strategy we allowed participants to be included in the different diagnostic groups if more than one diagnosis had been recorded (and adjusted for these in our regression models).

Maternal antidepressant use during pregnancy
--------------------------------------------

Since 1995 the Swedish medical birth register[@ref15] contains data on current drug use reported by mothers at their first antenatal interview (median 10 weeks' gestation),[@ref16] coded using the World Health Organization's ATC codes ([www.whocc.no/atc_ddd_index/](http://www.whocc.no/atc_ddd_index/)). Thus for mothers of children born from 1995 onwards we retrieved data on any antidepressant use (ATC code N06A), further divided into the two most commonly used antidepressant classes---SSRIs (ATC code N06AB) and non-selective monoamine reuptake inhibitors (ATC code N06AA), which comprises tricyclic antidepressants (see supplementary table S2 for individual drugs in each group). We could not study other antidepressant categories since their use in pregnancy was rare. For the same reason we did not study individual drugs within any class. The medical birth register has been shown to identify 78% of all antidepressants prescribed during the first trimester,[@ref17] and the drug name registered in prescription records and that recorded in the register has been reported to show high concordance (97%).[@ref16] [@ref17]

Other characteristics
---------------------

We used prospectively collected data on several parental characteristics as potential confounders: maternal age (\<20, 20-24, 25-29, 30-34, 35-39, \>40 years) and paternal age (\<25, 25-29, 30-34, 35-39, 40-49, \>50 years) at birth of child, fifths of family income adjusted for year of ascertainment and family size, highest education of either parent (≤9, 10-12, ≥13 years), highest occupational class of either parent (higher professionals, intermediate non-manual employees, lower non-manual employees, skilled manual workers, unskilled manual workers, self employed, or unclassified), maternal region of birth (Sweden, Europe, Americas, Africa, Asia, or Oceania), parity (0, 1, 2, ≥3 previous births). These characteristics were chosen because of their association with autism in the literature.[@ref7] [@ref9] [@ref10] [@ref18]

We also considered variables with relatively less empirical evidence linking them to autism but which nevertheless may be confounders on theoretical grounds, including maternal smoking reported at the first antenatal interview (non-smoker, 1-9 or ≥10 cigarettes per day), and a diagnosis of maternal diabetes (yes or no) or hypertension (yes or no). We considered these in additional analyses since they had a greater proportion of missing data (18% for maternal smoking and 9% for diabetes and hypertension). We also considered birth weight for gestational age (normal for gestational age, small for gestational age, large for gestational age),[@ref19] gestational age at birth (≤32, 33-36, 37-42, ≥43 weeks),[@ref19] and Apgar score at five minutes (\<7 or ≥7) [@ref7] [@ref20] [@ref21] in separate analyses as these are potential mediators (for example, fetal growth)[@ref22] but adjusting for them could result in biased estimates.[@ref23]

Statistical analysis
--------------------

All analyses were conducted using Stata 10.1 for Windows. In descriptive analysis we calculated proportions of individuals with autism spectrum disorder (and autism with and without intellectual disability) with the exposure variables and other covariates. Using conditional logistic regression models, we derived odds ratios and their 95% confidence intervals as estimates of relative risks for the relation between a history of depression in each parent and autism spectrum disorder in offspring as a group, and dichotomised into autism with or without intellectual disability. After estimating crude associations, we adjusted for parental ages, parental income, education, occupation, region of birth, and parity (model 1). In model 2, we further adjusted model 1 for other psychiatric disorders in the parent, and in model 3 we adjusted model 2 for the presence of psychiatric disorders in the other parent. We conducted these analyses in a sample with all available data and those with complete data on all covariates (here we report the latter analysis to ensure consistent numbers across all the models; in the supplementary tables we present analyses using all available data). We used the χ^2^ test of heterogeneity to calculate P for heterogeneity values to assess the statistical significance of any differences between estimates for paternal and maternal depression and for autism with and without intellectual disability.

We conducted several secondary analyses for a better understanding of the implications and robustness of these findings. Since we did not have data on antidepressants for the full cohort, to assess whether any observed relations existed before the majority of SSRIs were licensed in Sweden and came into use during pregnancy, we restricted the sample to births before 1990 (children born between 1984 and 1989). We also repeated the analysis on children of primiparous women only, to avoid the possibility of observations being due to depression in mothers related to an older sibling with autism or other developmental concerns. Thirdly, we restricted the analysis to parents who were born in Sweden since we have previously observed noticeably different associations of autism with and without intellectual disability in relation to parental immigration to Sweden,[@ref9] and a low take-up of psychiatric services in migrant adults has been anecdotally reported. Fourthly, we repeated the main analyses using the alternative coding of psychiatric disorders, allowing for multiple psychiatric diagnoses in the parents. Finally, we repeated the analyses in a sample of children at least 8 years old (born between 1984 and 1999) since the diagnosis of autism spectrum disorder may be most reliable in older children.

To include the antidepressant data, we restricted the sample to births from 1995 onwards and repeated the analysis for maternal depression, adjusting for antidepressant use during pregnancy. We then estimated the associations using a categorical variable to denote mothers with no history of depression and no antidepressant use during pregnancy, a history of depression but no antidepressant use during pregnancy, a history of depression and antidepressant use during pregnancy, and antidepressant use reported during pregnancy but no recorded history of depression. Finally, we estimated the risk of autism spectrum disorder with antidepressant use during pregnancy, irrespective of indication, and repeated these analyses after classifying antidepressants into SSRIs and non-selective monoamine reuptake inhibitors. For these analyses we excluded a small number of mothers reporting multiple antidepressant use. We adjusted these analyses for parental ages, income, education, occupation, migration status, parity, and a variable depicting any psychiatric disorder in the mother. In a separate analysis we further adjusted for any other psychotropic drug use except antidepressants. We used the resulting adjusted odds ratios (OR) and prevalence of exposure to antidepressants in cases (PE) to estimate population attributable fractions (PAF) using the formula: \[PAF=PE(OR−1)/OR\]. The population attributable fractions denote the proportion of cases with autism that could be prevented if antidepressant use was completely eliminated from the population, assuming the association was causal and all confounders had been accounted for.

Results
=======

Parental depression and autism spectrum disorder
------------------------------------------------

The characteristics of cases and controls with all available data were similar to the 4429 cases (1828 with a recorded intellectual disability and 2601 without) and 43 277 controls with complete data that we used in our main analysis (table 1[](#tbl1){ref-type="table"}). Approximately 1% (n=44) of mothers of the 4429 case children with autism spectrum disorder had depression as defined by our hierarchical classification, recorded before the birth of the index child, compared with 0.6% (n=272) of 43 277 control mothers (table 1). A paternal history of depression was found in approximately 0.4% of cases (n=19) as well as in controls (n=155).

###### 

 Descriptive characteristics of cases of autism spectrum disorder and controls in complete case sample (current paper), and full sample with all available data

  Characteristics                                                     Complete case sample\*                Full sample                                    
  ------------------------------------------------------------------- ------------------------ ------------ ------------- ------ ------------ ------------ ---------
  Cases with autism spectrum disorder                                 n=4429                   n=43 277                          n=4952       n=49 520     
  Maternal depression                                                 1.0                      0.6          0.004                1.0          0.6          0.001
  Paternal depression                                                 0.4                      0.4          0.439                0.4          0.3          0.499
  Maternal history of other psychiatric disorders‡:                                                                                                        
   Anxiety disorder                                                   0.9                      0.6          0.055                0.9          0.6          0.016
   Psychotic disorders                                                0.8                      0.3          \<0.001              0.7          0.3          \<0.001
   Other psychiatric disorder                                         2.1                      1.0          \<0.001              1.9          0.9          \<0.001
  Paternal history of other psychiatric disorders‡:                                                                                                        
   Anxiety disorder                                                   0.4                      0.3          0.120                0.4          0.3          0.133
   Psychotic disorder                                                 0.7                      0.3          \<0.001              0.7          0.3          \<0.001
   Other psychiatric disorder                                         2.4                      1.3          \<0.001              2.3          1.2          \<0.001
  Mean (SD) maternal age (years)§                                     29.7 (5.5)               29.5 (5.1)   \<0.001              29.7 (5.5)   29.3 (5.2)   \<0.001
  Mean (SD) paternal age (years)§                                     32.7 (6.7)               32.4 (6.3)   \<0.001              32.8 (6.7)   32.4 (6.3)   \<0.001
  Family income:                                                                                                                                           
   1st fifth (highest)                                                17.4                     21.3         \<0.001              16.8         19.9         \<0.001
   5th fifth (lowest)                                                 16.7                     15.5         19.4          20.1                             
  **Parental education:**                                                                                                                                  
   \>12 years                                                         45.9                     48.8         0.001                46.1         48.4         0.006
   10-12 years                                                        46.5                     43.9         45.6          43.2                             
   \<9 years                                                          7.6                      7.3          8.3           8.4                              
  Occupational class:                                                                                                                                      
   Higher professionals                                               17.6                     19.0         \<0.001              16.7         17.7         \<0.001
   Intermediate non-manual employees                                  18.1                     20.7         17.4          19.1                             
   Lower non-manual employees                                         13.6                     15.0         13.1          14.0                             
   Skilled manual workers                                             15.8                     14.3         15.2          13.4                             
   Unskilled manual workers                                           17.7                     13.8         17.3          13.6                             
   Self employed                                                      3.9                      4.9          3.8           4.6                              
   Unclassified                                                       13.3                     12.3         16.5          17.7                             
  Maternal country of birth:                                                                                                                               
   Sweden                                                             77.5                     78.4         \<0.001              74.4         73.2         \<0.001
   Europe                                                             9.4                      8.5          10.5          9.6                              
   Americas                                                           3.1                      2.3          3.4           2.8                              
   Africa                                                             3.1                      2.1          3.4           2.9                              
   Asia or Oceania                                                    6.9                      8.7          8.3           11.5                             
  Parity (previous births):                                                                                                                                
   0                                                                  47.5                     44.28        \<0.001              47.6         44.4         \<0.001
   1                                                                  33.2                     35.9         33.2          35.6                             
   2                                                                  13.2                     14.1         13.2          14.1                             
   ≥3                                                                 6.1                      5.7          6.0           5.9                              
  Cases of autism spectrum disorder without intellectual disability   n=2601                   n=24 986                          n=2855       n=28 550     
  Maternal depression                                                 1.2                      0.6          \<0.001              1.2          0.6          \<0.001
  Paternal depression                                                 0.4                      0.4          0.893                0.4          0.3          0.987
  Maternal history of other psychiatric disorders‡:                                                                                                        
   Anxiety disorder                                                   1.0                      0.6          0.029                1.0          0.6          0.023
   Psychotic disorders                                                0.7                      0.3          0.004                0.6          0.3          0.003
   Other psychiatric disorder                                         2.2                      1.0          \<0.001              2.1          0.9          \<0.001
  Paternal history of other psychiatric disorders‡:                                                                                                        
   Anxiety disorder                                                   0.5                      0.3          0.066                0.4          0.3          0.082
   Psychotic disorder                                                 0.4                      0.3          0.338                0.4          0.3          0.187
   Other psychiatric disorder                                         2.5                      1.3          \<0.001              2.5          1.2          \<0.001
  Mean (SD) maternal age (years)§                                     29.4 (5.5)               29.5 (5.1)   0.001                29.5 (5.5)   29.3 (5.2)   0.021
  Mean (SD) paternal age (years)§                                     32.2 (6.5)               32.4 (6.3)   0.003                32.3 (6.5)   32.4 (6.3)   0.026
  Family income:                                                                                                                                           
   1st fifth (highest)                                                17.7                     21.3         \<0.001              17.4         19.8         \<0.001
   5th fifth (lowest)                                                 14.6                     15.5         16.2          20.3                             
  **Parental education:**                                                                                                                                  
   \>12 years                                                         46.1                     48.3         0.037                46.4         47.9         0.021
   10-12 years                                                        46.8                     44.1         45.9          43.4                             
   \<9 years                                                          7.2                      7.6          7.7           8.7                              
  Occupational class:                                                                                                                                      
   Higher professionals                                               17.1                     19.0         \<0.001              16.4         17.6         \<0.001
   Intermediate non-manual employees                                  19.5                     20.6         19.1          19.0                             
   Lower non-manual employees                                         14.4                     15.1         13.9          14.2                             
   Skilled manual workers                                             15.9                     14.5         15.6          13.5                             
   Unskilled manual workers                                           17.7                     13.9         17.6          13.6                             
   Self employed                                                      3.5                      4.9          3.4           4.6                              
   Unclassified                                                       11.9                     12.0         14.0          17.5                             
  Maternal country of birth:                                                                                                                               
   Sweden                                                             82.6                     78.2         \<0.001              80.7         73.0         \<0.001
   Europe                                                             9.2                      8.6          10.1          9.6                              
   Americas                                                           2.6                      2.5          2.8           2.9                              
   Africa                                                             1.1                      2.0          1.1           2.9                              
   Asia or Oceania                                                    4.5                      8.7          5.3           11.6                             
  Parity (previous births):                                                                                                                                
   0                                                                  51.2                     44.1         \<0.001              51.3         44.3         \<0.001
   1                                                                  31.6                     36.0         31.4          35.7                             
   2                                                                  11.9                     14.0         12.0          14.1                             
   ≥3                                                                 5.3                      5.8          5.4           6.0                              
  Autism spectrum disorder cases with intellectual disability         n=1828                   n=18 291                          n=2097       n=20 970     
  Maternal depression                                                 0.7                      0.7          0.950                0.6          0.6          0.870
  Paternal depression                                                 0.5                      0.3          0.293                0.3          0.4          0.362
  Maternal history of other psychiatric disorder‡:                                                                                                         
   Anxiety disorder                                                   0.7                      0.6          0.739                0.7          0.5          0.314
   Psychotic disorder                                                 0.9                      0.3          \<0.001              0.8          0.3          \<0.001
   Other psychiatric disorder                                         1.9                      1.0          \<0.001              1.7          0.9          \<0.001
  Paternal history of other psychiatric disorder‡:                                                                                                         
   Anxiety disorder                                                   0.3                      0.3          0.813                0.3          0.3          0.793
   Psychotic disorder                                                 1.2                      0.3          \<0.001              1.0          0.3          \<0.001
   Other psychiatric disorder                                         2.1                      1.2          0.002                1.9          1.2          0.002
  Mean (SD) maternal age (years)§                                     30.0 (5.5)               29.5 (5.1)   \<0.001              29.9 (5.6)   29.4 (5.2)   \<0.001
  Mean (SD) paternal age (years)§                                     33.3 (6.8)               32.3 (6.2)   \<0.001              33.4 (6.8)   32.4 (6.3)   \<0.001
  Family income:                                                                                                                                           
   1st fifth (highest)                                                16.9                     21.4         \<0.001              16.1         20.1         \<0.001
   5th fifth (lowest)                                                 19.8                     15.5         23.7          20.0                             
  Parental education:                                                                                                                                      
   \>12 years                                                         45.7                     49.4         0.006                45.8         49.2         0.010
   10-12 years                                                        46.2                     43.7         45.0          42.9                             
   \<9 years                                                          8.2                      6.9          9.2           8.0                              
  Occupational class:                                                                                                                                      
   Higher professionals                                               18.4                     18.9         \<0.001              17.2         17.7         \<0.001
   Intermediate non-manual                                            16.0                     20.8         15.2          19.2                             
   Lower non-manual employees                                         12.4                     14.8         11.8          13.8                             
   Skilled manual workers                                             15.7                     14.0         14.6          13.1                             
   Unskilled manual workers                                           17.7                     13.8         16.9          13.5                             
   Self employed                                                      4.4                      4.9          4.2           4.6                              
   Unclassified                                                       15.4                     12.8         20.0          18.1                             
  Maternal country of birth:                                                                                                                               
   Sweden                                                             70.4                     78.7         \<0.001              66.0         73.5         \<0.001
   Europe                                                             9.7                      8.4          11.0          9.5                              
   Americas                                                           3.7                      2.2          4.2           2.7                              
   Africa                                                             6.0                      2.1          6.6           2.8                              
   Asia or Oceania                                                    10.3                     8.6          12.3          11.4                             
  Parity (previous births):                                                                                                                                
   0                                                                  42.3                     44.5         0.027                42.5         44.6         0.116
   1                                                                  35.6                     35.8         35.7          35.5                             
   2                                                                  15.0                     14.2         14.9          14.2                             
   ≥3                                                                 7.1                      5.5          6.9           5.7                              

\*No missing data in any variables.

†P values derived from conditional logistic regression to account for matching of cases and controls by age and sex.

‡History of psychiatric disorders refers to specialist outpatient or inpatient psychiatric care.

§Ages are categorised in paper.

Table 2[](#tbl2){ref-type="table"} shows the associations between maternal and paternal history of depression and the risk of autism spectrum disorder and autism with and without intellectual disability. Maternal depression was associated with an approximately 60% increase in risk of autism spectrum disorder (crude odds ratio 1.61, 95% confidence interval 1.17 to 2.23, P=0.004), which was not substantially attenuated after adjustment for all potential confounders. When autism spectrum disorders were dichotomised between those with and those without intellectual disability, it was apparent that the increased risk of autism with maternal depression largely resulted from an almost twofold odds of autism without intellectual disability (adjusted odds ratio 1.86, 95% confidence interval, 1.25 to 2.77, P=0.002), there being no evidence for an increased odds of autism with intellectual disability. The odds ratio for autism spectrum disorder with and without intellectual disability were statistically different (P for heterogeneity=0.04). There was no evidence for an association between depression in fathers and autism spectrum disorder in offspring, irrespective of intellectual disability (table 2), but there was no statistical evidence for a difference between the results for maternal and paternal depression (P for heterogeneity=0.71).

###### 

 Odds ratios depicting relation between parental depression before birth of child and autism spectrum disorder and autism spectrum disorder with and without intellectual disability in children born between 1984 and 2003

  Variables                                                   No of cases/controls   Crude odds ratio (95% CI)   Odds ratio (95% CI)                         
  ----------------------------------------------------------- ---------------------- --------------------------- --------------------- --------------------- ---------------------
  Maternal depression:                                                                                                                                       
   Autism spectrum disorder                                   44/272                 1.61 (1.17 to 2.23)         1.50 (1.08 to 2.08)   1.54 (1.11 to 2.13)   1.49 (1.08 to 2.08)
   Autism spectrum disorder with intellectual disability      12/121                 1.02 (0.56 to 1.86)         0.96 (0.52 to 1.76)   0.98 (0.53 to 1.80)   0.96 (0.52 to 1.77)
   Autism spectrum disorder without intellectual disability   32/151                 2.07 (1.40 to 3.06)         1.85 (1.24 to 2.74)   1.90 (1.28 to 2.82)   1.86 (1.25 to 2.77)
  Paternal depression:                                                                                                                                       
   Autism spectrum disorder                                   19/155                 1.21 (0.75 to 1.96)         1.11 (0.68 to 1.79)   1.13 (0.70 to 1.83)   1.12 (0.69 to 1.82)
   Autism spectrum disorder with intellectual disability      9/63                   1.46 (0.72 to 2.96)         1.33 (0.65 to 2.72)   1.36 (0.67 to 2.78)   1.35 (0.66 to 2.77)
   Autism spectrum disorder without intellectual disability   10/92                  1.05 (0.54 to 2.02)         0.96 (0.50 to 1.87)   0.98 (0.51 to 1.91)   0.97 (0.50 to 1.89)

Children with autism spectrum disorder: cases n=4429, controls n=43 277.

Children with autism spectrum disorder with intellectual disability: cases n=1828, controls n=18 291.

Children with autism spectrum disorder without intellectual disability: cases n=2601, controls n=24 986.

\*Adjusted for parental ages, income, education, occupation, migration status, and parity.

†Model 1 further adjusted for any other psychiatric condition (including anxiety disorders, affective (bipolar) and non affective psychoses (schizophrenia), somatoform, neurodevelopmental, and personality or drug and alcohol misuse disorders).

‡Model 2 further adjusted for depression in both parents and other psychiatric condition in both parents.

A similar pattern of associations was observed in the analysis repeated on a sample restricted to offspring born before 1990, children of primiparous women, and children of parents who were born in Sweden, in the analysis using a non-hierarchical coding of psychiatric disorders and in the analysis restricted to children at least 8 years old (fig 2[](#fig2){ref-type="fig"}, see supplementary tables S3 to S7). In all these analyses, an increased risk of autism spectrum disorder largely without intellectual disability (with no increased risk with intellectual disability) was observed with a maternal history of depression. The associations remained robust when in a smaller sample the regression models were further adjusted for birth weight for gestational age, gestational age at birth, Apgar score at five minutes, maternal smoking, and recorded maternal diabetes or hypertension (see supplementary table S8).

![**Fig 2** Adjusted odds ratios (95% confidence intervals) for relation between maternal depression and autism spectrum disorder overall and autism with and without intellectual disability in main and supplementary analyses (tables S3-S7)](raid009216.f2_default){#fig2}

Maternal depression, antidepressant use during pregnancy, and autism spectrum disorder
--------------------------------------------------------------------------------------

We had information about antidepressant use during pregnancy for 1679 cases of autism spectrum disorder (743 with intellectual disability and 936 without) and 16 845 control children who were born from 1995 onwards. The associations of maternal depression and autism spectrum disorder in this sample followed a similar trend, albeit with wide confidence intervals (adjusted odds ratio 1.40, 95% confidence interval 0.91 to 2.17), largely resulting from associations for autism without intellectual disability (1.69, 0.97 to 2.97, table 3[](#tbl3){ref-type="table"}). These estimates attenuated on adjustment for maternal antidepressant use during pregnancy (models 1 and 3, table 3).

###### 

 Odds ratios depicting relation between maternal depression before birth of child and autism spectrum disorder in offspring, adjusting for antidepressant use during pregnancy in children born between 1995 and 2003

  Disorder type in offspring                                 No of cases/controls   Crude odds ratio (95% CI)   Odds ratio (95% CI)                         
  ---------------------------------------------------------- ---------------------- --------------------------- --------------------- --------------------- ---------------------
  Autism spectrum disorder                                   24/174                 1.40 (0.91 to 2.17)         1.24 (0.79 to 1.94)   1.34 (0.87 to 2.08)   1.19 (0.76 to 1.87)
  Autism spectrum disorder with intellectual disability      9/85                   1.09 (0.54 to 2.20)         1.08 (0.53 to 2.20)   1.06 (0.52 to 2.16)   1.04 (0.50 to 2.13)
  Autism spectrum disorder without intellectual disability   15/89                  1.69 (0.97 to 2.97)         1.35 (0.75 to 2.45)   1.58 (0.90 to 2.79)   1.30 (0.72 to 2.34)

Children with autism spectrum disorder: cases n=1679, controls n=16 845.

Children with autism spectrum disorder with intellectual disability: cases n=743, controls n=7584.

Children with autism spectrum disorder without intellectual disability: cases n=936, controls n=9261.

\*Adjusted for antidepressant use only during pregnancy.

†Adjusted for parental ages, income, education, occupation, migration status, and parity.

‡Model 2 adjusted for antidepressant use during pregnancy.

Table 4[](#tbl4){ref-type="table"} shows the results of analysis using the variable combining a maternal history of depression and antidepressant use during pregnancy. Offspring of mothers with a history of depression who reported antidepressant use during pregnancy seemed to have strong associations with autism spectrum disorder, which were also confined to autism without intellectual disability and remained robust in adjusted models. A history of depression without antidepressant use during pregnancy was not associated with a heightened risk of autism spectrum disorder (table 4).

###### 

 Odds ratios depicting relation between maternal depression, antidepressant use during pregnancy, and autism spectrum disorder in offspring (with and without intellectual disability) in children born between 1995 and 2003

  Variables                Autism spectrum disorder                         Autism spectrum disorder with intellectual disability      Autism spectrum disorder without intellectual disability                                                                                    
  ------------------------ -------------------------- --------------------- ------------------------------------------------------- -- ---------------------------------------------------------- --------------------- --------------------- -- ---------- ---------------------- ----------------------
  No antidepressant use:                                                                                                                                                                                                                                                           
   No depression           1634/16 558                1.00 (reference)      1.00 (reference)                                           727/7446                                                   1.00 (reference)      1.00 (reference)         907/9112   1.00 (reference)       1.00 (reference)
   Depression†             24/189                     1.29 (0.84 to 1.99)   1.06 (0.68 to 1.66)                                        11/90                                                      1.28 (0.67 to 2.42)   1.06 (0.54 to 2.07)      13/99      1.30 (0.72 to 2.33)    1.04 (0.57 to 1.92)
  Antidepressant use:                                                                                                                                                                                                                                                              
   Depression†             9/27                       3.69 (1.68 to 8.10)   3.34 (1.50 to 7.47)                                        2/13                                                       1.69 (0.37 to 7.71)   1.81 (0.39 to 8.56)      7/14       5.58 (2.14 to 14.51)   4.94 (1.85 to 13.23)
   No depression‡          12/71                      1.78 (0.95 to 3.34)   1.61 (0.85 to 3.06)                                        3/35                                                       0.89 (0.27 to 2.95)   0.93 (0.27 to 3.21)      9/36       2.65 (1.25 to 5.62)    2.10 (0.97 to 4.57)

\*Adjusted for history of psychiatric disorders other than depression, parental ages, income, education, occupation, migration status, and parity.

†Any outpatient (secondary care) or inpatient record of depression before birth of child. Antidepressant use refers to any antidepressant use recorded at first antenatal interview.

‡Psychiatric indication other than depression was identified in 22 out of 83 women reporting use of antidepressants without a record of depression. Others are likely to have been prescribed in primary care but diagnostic information was not available.

Table 5[](#tbl5){ref-type="table"} shows the associations between antidepressant use and autism spectrum disorder. Any antidepressant use during pregnancy in mothers of cases was 1.3% compared with 0.6% of controls equating to an almost twofold increase in risk of autism spectrum disorder (1.90, 1.15 to 3.14). These associations too were largely observed due to associations with autism without intellectual disability (2.54, 1.37 to 4.68) with no increased odds for autism with intellectual disability. In an additional analysis we also explored the potential confounding effect of any other psychiatric drugs by adjusting for this in the adjusted model in table 5; these did not result in any noticeable change to the results: fully adjusted odds ratio for any antidepressant use during pregnancy 1.83 (1.10 to3.04), autism with intellectual disability 1.09 (0.41 to 2.91), and autism without intellectual disability 2.37 (1.27 to 4.44). Similar results were evident for maternal use of both SSRIs and non-selective monoamine reuptake inhibitor antidepressants, although numbers were small and confidence intervals relatively wide (table 5). The population attributable fraction estimate suggested that, assuming an unconfounded causal association, 0.6% of cases of autism spectrum disorder could be prevented if antidepressant use during pregnancy was completely eliminated.

###### 

 Odds ratios depicting relation between antidepressant use during pregnancy and autism spectrum disorder, and autism spectrum disorder with and without intellectual disability in children born between 1995 and 2003

  Antidepressant use   Autism spectrum disorder   Autism spectrum disorder with intellectual disability   Autism spectrum disorder without intellectual disability                                                                                       
  -------------------- -------------------------- ------------------------------------------------------- ---------------------------------------------------------- ------ ---------------------- ---------------------- ------- ---------------------- ---------------------
  Any                  21/98                      2.27 (1.40 to 3.71)                                     1.90 (1.15 to 3.14)                                        5/48   1.09 (0.43 to 2.79)    1.09 (0.41 to 2.88)    16/50   3.42 (1.91 to 6.14)    2.54 (1.37 to 4.68)
  SSRIs                14/71                      2.03 (1.13 to 3.66)                                     1.65 (0.90 to 3.03)                                        4/39   1.05 (0.37 to 2.98)    1.01 (0.34 to 2.98)    10/32   3.25 (1.55 to 6.81)    2.34 (1.09 to 5.06)
  Non-selective MRIs   6/20                       3.20 (1.26 to 8.12)                                     2.69 (1.04 to 6.96)                                        1/7    1.48 (0.18 to 12.35)   1.72 (0.20 to 15.03)   5/13    4.15 (1.44 to 11.96)   2.93 (0.98 to 8.82)

SSRIs=selective serotonin reuptake inhibitors; non-selective MRIs=non-selective monoamine reuptake inhibitors.

\*Adjusted for any maternal psychiatric disorder, maternal age, paternal age, parental income, education, occupation, maternal country of birth, and birth parity.

Finally, the results of analyses using all available data instead of a complete case sample (see supplementary tables S9-S12) were similar to those presented in tables 2 to 5.

Discussion
==========

A maternal history of depression was associated with a higher risk of autism in offspring, but there was no evidence of a relation with paternal depression. These associations were largely limited to children of mothers who reported using antidepressants at the first antenatal interview. The increased risk was observed with SSRIs as well as with other monoamine reuptake inhibitor antidepressants. All these increased risks seemed to be confined to autism spectrum disorders without intellectual disability and persisted after adjustment for several confounding factors.

Comparison with previous studies
--------------------------------

To our knowledge, only one previous study, using data on 298 cases of autism spectrum disorders and 1507 control children in northern California, simultaneously studied maternal depression as well as antidepressant use during pregnancy and risk of autism.[@ref4] This study reported a twofold increase in risk of autism spectrum disorder with a prescription for an SSRI during the year before pregnancy but no increase with maternal depression in the absence of antidepressant prescription.[@ref4] However, no association between antidepressants other than SSRIs and autism was found, but the numbers were small and the authors highlighted the need for further work.

Our findings of an association between antidepressant use during pregnancy and autism spectrum disorders based on a much larger sample is consistent with the above findings despite a different socioeconomic patterning of autism spectrum disorders in Sweden[@ref10] and relatively conservative prescribing during pregnancy compared with the United States.[@ref4] We additionally highlight the specificity of these findings to children with autism without intellectual disability, which include those termed as having "high functioning autism" and Asperger syndrome. Furthermore, we found that non-SSRI antidepressants may also be associated with a heightened risk of autism, an association that was not observed by in the US study,[@ref4] possibly because of low numbers.

Several previous studies have attempted to characterise the association between parental depression and autism spectrum disorders, although they had no data on drugs. However, limitations such as small samples, lack of prospective data, long periods of recall, and the inability to study depression separately from other psychiatric (particularly affective and non affective psychotic) disorders, made causal inferences difficult and led to inconclusive meta-analyses.[@ref7] [@ref8] More recent population based studies have also not been able to rule out reverse causality,[@ref6] study the specific associations between depression and autism spectrum disorders,[@ref24] or differentiate between maternal and paternal depression.[@ref25] [@ref26] It is notable that despite the uncertainty in the literature, it is commonly assumed that a causal association with parental depression exists and that it occurs through a genetic pathway.[@ref4] [@ref6]

Potential mechanisms
--------------------

Our finding that maternal but not paternal depression was associated with autism spectrum disorders is noticeable in some previous studies[@ref6] [@ref25] but has escaped attention. An association with depression in fathers cannot, however, be ruled out, since the numbers were few and confidence intervals relatively wide. However, our findings suggest that caution is warranted before concluding that an association between parental depression and autism in offspring reflects common genetic pathways[@ref4] [@ref6]; any such pathways would have to explain the seemingly discrepant risks between maternal compared with paternal depression and autism spectrum disorders.

An alternative explanation is that the heightened risk for maternal depression and autism is conferred through an environmental pathway such as in utero exposure to serotonergic agents. It has been estimated that over 20% of children with autism spectrum disorder have hyperserotonaemia.[@ref5] Serotonin can be detected in the fetal brain by the fifth week of gestation and is involved in critical neurodevelopmental processes including neurogenesis or neuronal removal, or both; neuronal differentiation; and synaptogenesis.[@ref27] Antidepressants cross the placental barrier, and intrauterine exposure to serotonergic agents has been shown to promote persistent changes in brain circuitry, decreased serotonergic reactivity, and behavioural features analogous to autism in animal models.[@ref28] [@ref29] [@ref30] [@ref31]

Although SSRIs selectively act on the serotonergic system, almost all other antidepressants also have serotonergic activity.[@ref32] Therefore if in utero exposure to serotonin was a possible causal mechanism, an association with non-selective monoamine reuptake inhibitors would be expected. The increased risks of autism spectrum disorders observed with maternal depression in children born before SSRIs started being used in Sweden further highlight the argument that SSRIs are unlikely to be the sole explanatory mechanism in these observations.

Other potential environmental pathways may also explain the observed associations. For instance, antidepressant use may be a marker of the severest forms of depression during pregnancy. It should be noted that while the antidepressant data were contemporaneous, the depression diagnosis in the US study[@ref4] and our study was not restricted to pregnancy. It was therefore impossible to ascertain whether the antidepressant use was a marker for active depression during pregnancy, which has been hypothesised to affect "fetal programming" of the hypothalamic-pituitary-adrenal axis as a result of chronically raised levels of glucocorticoids.[@ref33] However, although this environmental "stress" hypothesis of autism has some empirical support, mainly in animal models, the literature in humans is limited and inconsistent.[@ref33] [@ref34] Yet another hypothesis which has support in animal models, but with insufficient evidence in humans, is the association between immune activation and infections related to depression and autism in offspring.[@ref35] [@ref36] Other explanations such as alcohol or drug use during pregnancy not severe enough to require health services are plausible.

It is important to note that all the associations were consistently observed for autism spectrum disorders without intellectual disability; and this reinforces the possibility that autism with and without intellectual disability may have partly different causes, and efforts should be made to study them separately.[@ref9] The idea of a differential association between parental depression and autism based on intellectual disability has been highlighted previously,[@ref37] but the mechanisms behind these findings are unclear and require further work.

Limitations of the study
------------------------

Several limitations of this study need to be acknowledged. Firstly, depression was identified using specialist psychiatric care records and therefore was certainly under-ascertained, since most people with depressive disorders do not seek help or are managed in primary care. It was also not possible to assess either the severity or the course of depressive symptoms in relation to the pregnancy. This is common to all previous population based studies on this topic,[@ref6] [@ref24] [@ref25] [@ref26] and would have led to an underestimation of the odds ratios between depression and autism spectrum disorder if non-differential in relation to autism.[@ref38] However, a bias in either direction is also theoretically possible, since depression is a debilitating disorder characterised by lack of energy and motivation, possibly leading to depressed women not seeking help for developmental problems in their children; or conversely, services more promptly assessing and recognising autism in children of women already known to psychiatric services (Berksonian bias).

Although autism spectrum disorders were also ascertained through service use, our multisource case ascertainment approach is likely to have minimised outcome misclassification, compared with studies ascertaining autism spectrum disorders solely from inpatient records. The antidepressant data were abstracted from the first antenatal interview (median approximately 10 weeks' gestation) and were only available for cohorts born from 1995 onwards, limiting our statistical power and warranting caution when comparing with results of the larger study. Although the possibility of some reporting bias in these data cannot be excluded, the contemporaneously recorded report of the drugs the mother was taking at the antenatal interview are more likely to reflect actual use than studies utilising prescription data (for which use and compliance is often impossible to ascertain).

Importantly, it is not possible to conclude whether the association between antidepressant use and autism spectrum disorder reflects severe depression during pregnancy or is a direct effect of the drug. There was insufficient power to investigate a record of depression during the immediate prenatal period, which would have allowed further scrutiny of this possibility. The under-ascertainment of depression may have led to partial control for confounding in the relation between antidepressant use and autism spectrum disorder in offspring. Assuming a non-differential misclassification of depression and no qualitative interactions between depression and antidepressant use in relation to autism, the true odds ratio for the relation between antidepressant use and autism spectrum disorder can be estimated to lie between the crude and the adjusted estimates presented.[@ref39] However, residual confounding due to other unmeasured characteristics cannot be ruled out.

Implications and future directions
----------------------------------

Caution is required before making causal assumptions or clinical decisions based on observational studies. However, it is unlikely that conclusive randomised trial evidence on this issue will ever be available since pregnant women are routinely excluded from drug trials, and even if ethically permissible, such a study would require a very large sample and a relatively long period of follow-up. It is therefore likely that a consensus on the potential risk of antidepressant use during pregnancy in relation to autism in offspring will be developed, as further observational data either supporting or refuting these findings are published.

Until that happens, the results of the present study as well as the US study[@ref4] present a major dilemma in relation to clinical advice to pregnant women with depression. If antidepressants increase the risk of autism spectrum disorder, it would be reasonable to warn women about this possibility. However, if the association actually reflects the risk of autism spectrum disorder related to the non-genetic effects of severe depression during pregnancy, treatment may reduce the risk. Informed decisions would also need to consider weighing the wider risks of untreated depression[@ref40] [@ref41] with the other adverse outcomes related to antidepressant use.[@ref40] [@ref42] [@ref43] [@ref44] [@ref45] [@ref46] With the current evidence, if the potential risk of autism were a consideration in the decision making process, it may be reasonable to think about, wherever appropriate, non-drug approaches such as psychological treatments. However, their timely availability to pregnant women will need to be enhanced. From a public health perspective, if antidepressant use had a causal relation with autism spectrum disorders, it would explain less than 1% of cases, and therefore would be unlikely to explain the dramatic increase in the observed prevalence of these disorders. Future, larger studies, with access to both diagnostic and treatment data at multiple stages of pregnancy may help disentangle the role of maternal depression and the individual drugs used to treat it in the risk of autism spectrum disorder.

### What is already known on this topic

1.  Parental depression is considered a risk factor for autism spectrum disorder (autism) but meta-analytical evidence is inconclusive

2.  One study suggested an association between prescriptions for selective serotonin reuptake inhibitors (SSRIs) during pregnancy and autism in offspring

3.  This suggestion may have led to a preferential use of other antidepressants over SSRIs during pregnancy

### What this study adds

1.  A maternal but not paternal history of depression was associated with a higher risk of autism in offspring

2.  The increased risk of autism was largely found in children of mothers reporting antidepressant use at the first antenatal interview. However, SSRIs as well as non-selective monoamine reuptake inhibitors were associated with increased risks for autism, suggesting non-SSRIs may not be "safer" alternatives in this context.

3.  Associations were largely limited to autism without intellectual disability, suggesting that autism with and without intellectual disability may have partially different causes
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